Antioxidant ceruloplasmin is expressed by glomerular parietal epithelial cells and secreted into urine in association with glomerular aging and high-calorie diet.
Biologic aging is accelerated by high-calorie intake, increased free radical production, and oxidation of key biomolecules. Fischer 344 rats that are maintained on an ad libitum diet develop oxidant injury and age-associated glomerulosclerosis by 24 mo. Calorie restriction prevents both oxidant injury and glomerulosclerosis. Ceruloplasmin (Cp) is a copper-containing ferroxidase that functions as an antioxidant in part by oxidizing toxic ferrous iron to nontoxic ferric iron. Glomerular Cp mRNA and protein expression were measured in ad libitum-fed and calorie-restricted rats at ages 2, 6, 17, and 24 mo. In ad libitum-fed rats, Cp mRNA expression increased six-fold (P < 0.01) and protein expression increased five-fold (P = 0.01) between 2 and 24 mo of age. In calorie-restricted rats, Cp mRNA expression increased three-fold (P < 0.01) and protein expression increased 1.6-fold (NS) between 2 and 24 mo of age. Both the cell-associated alternately spliced variant and secreted variants of Cp were expressed. Immunofluorescent analysis showed that Cp was expressed by the parietal epithelial cells that line the inner aspect of Bowman's capsule in the glomerulus. Cp also was present in urine, particularly of old ad libitum-fed rats with high tissue Cp expression. Cp expression by Bowman's capsule epithelial cells therefore occurred in direct proportion to known levels of oxidant activity (older age and high-calorie diet) and is secreted into the urine. It is suggested that Cp expression at this site may be part of the repertoire of the glomerular parietal epithelial cell to protect the glomerular podocytes and the downstream nephron from toxic effects of filtered molecules, including ferrous iron.